Abstract -The present study deals with the extent of genome size variation and evolution in some species of Dalbergia. The interspecific 4C DNA content variation has been analyzed in 30 accessions belonging to ten species of Dalbergia. The 4C DNA content in ten Dalbergia species ranges from 5.85 pg in D. lanceolaria to 7.88 pg in D. horrida, about 1.3 fold variation is apparent at a constant chromosome number 2n=2x=20. ANOVA test reveals significant variation between species. Like other woody angiospermic taxa, tree species of Dalbergia exhibit small genome size ranging from 5.85 pg in D. lanceolaria to 7.22 pg in D. sissoides. In contrast, the shrubs and climbers of this genus also reveal a narrow range of genome size variation from 7.36 pg in D. rubiginosa to 7.88 pg in D. horrida The climber species of this genus exhibits higher DNA amount than the tree species. The present investigation indicate that lianas or climber species of Dalbergia have evolved from tree species through evolutionary increase in genome size. The extent of DNA amount differences between the Dalbergia species has been discussed in the light of their interrelationships and diversity.
INTRODUCTION
Study of nuclear DNA amount is crucial for the overall understanding of the genome of an organism. Nuclear DNA C-values differ by approximately 1000 fold among angiosperms, ranging from about 0.13 pg in Arabidopsis thaliana to 127.4 pg in Fritillaria assyriaca, and tend to be characteristic of a taxon (Bennett and Smith 1976, 1991; Bennett and Leitch 1995, 1997; Bennett et al. 2000; Hanson et al., 2003) . Genome size is a character of fundamental biological importance, thus the knowledge of nuclear DNA amount or genome size is widely used in diverse areas of biology like Cell and molecular biology, Taxonomy, Systematics, Genome evolution and phylogeny, ecology and environment, phytogeography, in predicting radiosensitivity, ozone depletion, global warming, increased atmospheric CO 2 (Bennett and Leitch 1995; Leitch et al. 1998) , genome evolution, plant breeding, conservation, physiology and development (Bennett et al. 2000) . Thus, an understanding of pattern of C-value distribution and evolution is important in several areas of plant biology.
Interspecific DNA content variations are wide spread and has been well documented in numerous genera of angiosperms like Oxalis (De Azkue and Martinez 1988), Guizotia (Hiremath et al. 1992) , Eleusine (Hiremath and Salimath 1991) , Pisum (Baranyi and Greilhuber 1996) , Arachis (Singh et al. 1996) , Plantago (Pramanik and Raychaudhuri 1997), Acacia and Prosopis (Bukhari 1997) , Mammillaria (Mohanty et al. 1997) , Dendrobium (Jones et al. 1998) , Cistus (Ellul et al. 2002) . These aspects have been reviewed by Bennett et. al. (2000) .
Dalbergia Linn. F. a fabaceous genus of tribe Dalbergiae comprising of about 100 odd species of trees, shrubs and woody climbers is widely distributed throughout the tropics of the world. In India about 35 species are reported and about ten species are known in Karnataka from western mountain ranges or commonly known as western ghats (Thothathri 1987 (Thothathri 1987) .
Genome size diversification is an important process during speciation in plants (Greilhuber 1998; Soltis et al. 2003) . Speciation in flowering plants is normally accompanied by massive changes in nuclear DNA amounts. Both evolutionary increase and decrease in genome size is well documented during the course of speciation in higher plants (Price 1976 (Price , 1988 Hiremath and Salimath 1991; Ahmad et al.1992; Hiremath et al. 1992) . Until now, most of the genome size studies are based on temperate species and crop plants. In contrast, tropical and subtropical species particularly the hardwoods have not been studied well (Bennett and Smith 1976; Bennett et al. 1982) . The present study deals with extent of genome size variation and evolution in some species of Dalbergia.
MATERIALS AND METHODS
Germplasm Collection -The seeds of ten Dalbergia species involving 30 collections were collected from western mountain ranges or western ghats of Karnataka, India and their details are given in Table 1 . One set of vouchered herbarium specimens have been deposited in Herbarium, Royal botanic garden, KEW, UK. termine the optimum time of hydrolysis and to obtain correct staining of nuclear DNA, the root apices of Dalbergia and Pea were hydrolyzed at different time interval of 10 min to 100 min (Greilhuber and Baranyi 1999; Dolezel and Novak 1984) . The highest optimum absorbance was noticed at 60 min for both Dalbergia and Pea with 5N HCl at 20 o C ± 0.5 o C. The hydrolyzed root tips were given a distilled water wash, and then stained in leucobasic fuchsin (pH 2.2) for 90 minutes in total darkness at 25 o C. Basic fuchsin (Pararoseanniline) used was from Sigma, USA. CI 42500. Root apices were then given three subsequent washes of 10 min each in freshly prepared SO 2 water (2.0 gm Potassium metabisulphite in 400 ml distilled water and 20 ml. of 1N HCl) followed by a brief rinsing in distilled water. The root tips were squashed in a drop of glycerol on a glass slide. Three replications of each material were prepared. Measurement of DNA was made using Leitz MPV compact cytophotometer at 541 nm wavelength. The cytophotometer is interphased to a computer and stored by a relevant programme. Measurement of at least 25 metaphase spreads per replicate was made. Simultaneously similar numbers of 4C readings were also taken for Pisum sativum cv. Minerva mapple, which was used as an internal standard. In each case the mean of arbitrary units were converted into absolute value (pico grams) of DNA using the mean of identical number of readings from Pisum sativum roots processed simultaneously in the same tube as the material. The 4C DNA content of Pisum sativum is 19.46 pg (Bennett and Leitch 1995) and it was used as a standard for calibrating DNA content of Dalbergia species in pico grams. Analysis of variance (ANOVA) was performed using statistical software SPSS-ver-9.0.
RESULTS AND DISCUSSION
Genome size of a species is fairly stable and is an useful character in taxonomic and evolutionary studies (Price 1976; Ohri and Khoshoo 1986; Greilhuber and Ehrendorfer 1988; Raina 1990; Bennett and Leitch 1995; Bennett et al. 2000) . The 4C DNA content has been determined in 10 species of Dalbergia involving 30 collections (Table 2) . In each species a minimum of three populations have been studied.
Dalbergia is an interesting genus, which comprises of trees, shrubs and climbers and occupy diverse habitats ranging from dry / moist deciduous to semi-evergreen to evergreen forest. It is an exclusively diploid genus with 2n=20 chromosomes. The 4C DNA content in Dalbergia species varies considerably. The lowest DNA is 5.85 pg in D. lanceolaria and highest is 7.88 pg in D. horrida (Fig-1) . About 1.3 fold variation is apparent at a constant chromosome number. Analysis of variance (ANOVA) of DNA content variation in different species of Dalbergia is significant (Table 3) . Like most woody genera, Dalbergia also exhibits a narrow range of genome size variation (Ohri and Khoshoo 1986) . Woody angiosperms have been believed to possess a small and relatively uniform genome size because of the implied constraints on maximum nuclear size by the small cambial cells, which form wood fibres (Darlington 1937; Stebbins 1950) .
Like other woody angiospermic taxa {e.g. Acacia melanoxylon (6.5 pg), Pongamia glabra (7.2 pg) etc.}, tree species of Dalbergia exhibit small genome size ranging from 5.85 pg in D. lanceolaria to 7.22 pg in D. sissoides. In contrast, the shrubs and climbers of this genus also reveal a narrow range of genome size variation from 7.36 pg in D.rubiginosa to 7.88 pg in D.horrida. Apparently, climbers have higher amount of DNA than their ancestral tree species. It is generally accepted that the climbers have evolved from the tree species (Lawrence 1973 ). Thus, lianas or climber species of Dalbergia occupying evergreen / semi evergreen forests have evolved from tree species of Dalbergia through evolutionary increase in genome size.
In fact, many studies have shown that variation in DNA amount is under strong selection pressure with respect to various phenotypic and phenological factors (Bennett 1972; Ohri and Khoshoo 1986) . Morphological and anatomical studies reveal that climbers are derived from trees and shrubs (Radford et al. 1974) . Anomalous secondary growth and greater diameter of vessel elements is a derived feature. Both having adaptive value for climbers related to flexibility and more efficient transport (Carlquist 1991; Lombello and Forni-Martins 1998) . Chromosomal studies in different genera of Sapindaceae indicate that the climbing habit is derived form non-climbing habit (Lombello and ForniMartins 1998). Thus, diversification of climber species in Dalbergia from their ancestral tree taxa is accompanied by increase in genome size.
Economically important timber tree species shisham D. sissoo, Indian rosewood, D. latifolia and malabar blackwood D. sissoides exhibit 6.46 pg, 6.86 pg and 7.22 pg of DNA respectively. These three tree species are closely related and form one genetic assemblage. From the distributional point of view, D. sissoo is a primitive species, as it is the most widely distributed taxon of Dalbergia in India. In 
